The origin and direction of replication ofthe resistance plasmid R100. 1 and its resistance transfer factor derivative, pAR132, were studied by electron microscope autoradiography of partially denatured molecules and partial denaturation mapping of replicative intermediates. Results of these studies indicate the existence of an origin ofreplication at 8.8 kilobases on the R100 map. Replication from this origin in cultures synchronized for initiation of replication is predominantly unidirectional in a single direction.
The R plasmid R100.1 is an autonomously replicating genetic element that confers multiple antibiotic resistance on its host and is closely related to sex factor F. (R100.1, a derivative of R100, is derepressed for transfer [13] . R factor R100 has been referred to in the literature as R222 [e.g., 14, 17, 39] and NR1 [31, 32] . It was isolated from strain 222 CTS of Shigella flexneri 2b by R. Nakaya [20] . For the sake of clarity, we will call it R100 when citing previous work, regardless of the name used by the authors.) Like F, with which it shares considerable sequence homology (36) , it is self-transmissible and can form stable Hfr derivatives (21) . R100, like the related R plasmids Rl and R6, is composed of two functionally distinct units: the resistance transfer factor (RTF), having a molecular weight of approximately 50 x 106, which carries the genes responsible for transfer (7) and for resistance to tetracycline; and the rdeterminant, which has a molecular weight of about 15 x 106 (5) and which carries genes for resistance to chloramphenicol, streptomycin, sulfanilamide, fusidic acid, and mercury.
In Escherichia coli, the RTF and r-determinant elements exist in a relatively stable, cointegrated state as a single, covalently closed circular deoxyribonucleic acid (DNA) species (23) . In Proteus mirabilis, the association is less stable: under normal growth conditions, the r-determinant is able to dissociate from R100 (22, 32) ; in response to growth in the presence of an appropriate antibiotic, r-determinant DNA is amplified in the cell population relative to RTF DNA (17, 31) . This phenomenon, termed transition (29) , has been interpreted as showing that both units, r-determinant and RTF, are capable of autonomous replication.
In this paper, we present results of two analyses of the origin and mode of replication in populations of R100. 1 and its RTF derivative, pAR132, which were synchronized for initiation of replication. We present evidence that, under conditions of synchronization by sequential anmino acid starvation and thymine starvation, replication of R100. 1 and pAR132 is predominantly unidirectional in a single direction from a unique origin, ORIR, located at 8.8 kilobases (kb) on the R100 map (24; see Fig. 1 ). No strong evidence for the existence of an origin in the rdeterminant moiety of R100.1 was found. (62.5 ± 1.2 x 106), and pAR132 is 72.2 ± 2 kb (48.4 ± 1.4 x 106). To conform, however, to the published map of R100 (24) , the lengths of R100, pAR132, and the EcoRI fragments have been scaled to a total length of 89.3 kb.
Media. The media and solutions used are described below.
M9 is M9 minimal medium (1) supplemented with 0.4% glucose. M9 Cas is M9 supplemented with 0.4% vitamin-free Casamino Acids (Difco Laboratories, Detroit, Mich.). M9 Thy is M9 supplemented with 4 ,ug of thymine per ml. M9 Cas Thy is M9 supplemented with 0.4% Casamino Acids and 4 Ftg of thymine per ml. Chase medium is M9 Cas supplemented with 100 ,ug of thymine per ml and 100 ,ug of thymidine per ml. Ethanol-phenol stop solution is 200 ml of ethanol plus 4 ml of phenol plus 65 ml of an 80 mM sodium acetate-8 mM EDTA solution at pH 5.5, mixed just before use.
Synchronization procedure. DNA replication was synchronized as described by Louarn et al. (18) . Briefly, a culture grown in M9 Cas Thy was first starved for amino acids for 2 h and then for thymine, in the presence of amino acids for the time needed to double the culture mass. At the end of this procedure, thymine, thymidine, or 5-bromouracil (5-BU) was added to the culture.
Radioactive labeling for autoradiography. The above synchronization procedure was followed for radioactive labeling. At the time of thymine readdition (restart), 50-ml cultures were pulse-labeled with ['HIthymidine (New England Nuclear Corp., Boston, Mass.; NET027Z) at 0.245 mg/ml, 49.2 Ci/ mmol. The pulse was terminated by adding to the culture an equal volume of chase medium; incubation was continued at 37°C for 30 min to allow completion of rounds of plasmid replication. Plasmid DNA was then isolated by the cleared-lysate procedure of Clewell and Helinski (6) and centrifugation to equilibrium in CsCl, at an average density of 1.56 g/ml, in the presence of 500 lAg of ethidium bromide per ml (EtBr-CsCl centrifugation). The covalently closed circular peak of plasmid DNA was collected and dialyzed against 10-' M Tris-10-3 M EDTA after removal of EtBr by repeated extraction with CsClsaturated isopentyl alcohol.
Partial denaturation mapping. Purified plasmids were prepared for partial denaturation mapping either by a modification of the method of Inman and Schn6s (16, 35) , with denaturation at pH 10.7, or by the method of Davis and Hyman (12) , with denaturation at pH 8.3 in 80% formamide. For denaturation at pH 10.7, purified plasmid DNA was mixed with 0.5 volume of denaturing solution (0.64 M Na2CO3, 10-2 M EDTA, 35% formaldehyde, adjusted with NaOH to pH 10.7) and incubated at 23°C for 10 min, followed by 5 min on ice. Formamide and cytochrome c were added to final concentrations of 61.5% (vol/vol) and 0.01% (wt/vol), respectively, and spreading was on a water hypophase. Electron micrograph projections of partially denatured plasmid molecules were traced with the aid of a Numonics digitizer (Numonics Corp.), interfaced for recording purposes with a Hewlett-Packard HP9830A desk-top calculator. The coordinates of denaturation loops and total molecule lengths were thus recorded directly, and the raw data were stored on tape cassettes. The data were processed on the HP9830A calculator and a Hewlett-Packard HP plotter, with the help ofseveral programs. Each circular molecule was normalized to a standard average length and drawn in linear form, starting from an arbitrary point and in an arbitrary direction. The position of the denaturation loop was shown on this graphic map. The molecule was then aligned, with respect to other molecules in the collection, with the help of a program that could shift the tracing linearly or invert its direction. When the best apparent fit was obtained, the data were stored in this modified form. A denaturation loop histogram was constructed from the collected data from each collection of molecules. For this, each molecule was divided into 200 or 250 segments (bins), and each occurrence of a denatured region was tabulated for each bin. A standard partial deDaturation map was thus prepared for each plasmid; such histograms showed that the partial denaturation pattern of a single species of molecule is very reproducible.
Electron microscope autoradiography. Purified, pulse-labeled plasmids were prepared like those for partial denaturation. Grids supporting these plasmids were stained with uranyl acetate, shadowed with platinum-palladium and overlaid with a thin carbon film. A monomolecular layer of Ilford L4 photographic emulsion (4) was applied to the prepared grids, and these were stored in light-tight boxes for 6 to 8 weeks. Development was with Physical Developer. Grids were scanned in a Philips EM300 electron microscope, and photographs were taken of all molecules that had associated photographic grains. Under optimal conditions of synchrony, spreading, and exposure, approximately 40% of the molecules were associated with grains.
Analysis of grain distribution. Grain distribution was analyzed as follows. Grains were considered to have originated from disintegrations of 3H atoms at a point in the DNA strand closest to the beginning of the silver crystal. If a molecule was twisted so that the localization of grains to DNA strands was ambiguous, the molecule was discarded before alignment. This occurred in about 10% of the molecules photographed. Molecules in which denaturation was not extensive enough to provide unambiguous alignment (1%) were not considered. Electron micrographs of the molecules were then traced, as described above, with the Numonics digitizer, interfaced with the HP9830. In this case, both grain positions and positions of denaturation loops were noted. Alignment of the molecules was as described above. A histogram of grain positions on aligned molecules was then prepared, using a bin size of approximately 4.1 kb/bin.
Isolation of replicative intermediates of R100 and pAR132. Cultures of E. coli containing R100 or pAR132 were synchronized as described above.
REPLICATION OF R100.1 AND AN RTF DERIVATIVE 931 stop solution. The mixture was kept on ice for 15 min and then centrifuged at 8,000 rpm in the GSA rotor of a Sorvall RC2 centrifuge. The pellet was washed twice in TSE2 (0.1 M Tris, 0.01 M EDTA, 0.5 M NaCl, pH 8.0) containing 0.01 M NaCN. The washed pellet was suspended in 3 ml of TSE2 containing 0.01 M NaCN and 1 mg of lysozyme (Calbiochem, La Jolla, Calif.) per ml, and the suspension was incubated for 15 min at 37°C. This was followed by incubation for 15 min at 37°C with 300 ,ug of ribonuclease (Worthington Biochemicals Corp., Freehold, N.J.) plus 0.4% Sarkosyl (Geigy). Two digestions with proteinase K (Merck & Co., Inc., Rahway, N.J.) were done: 30 min at 30°C with 0.3 mg, followed by addition of 1 mg of proteinase K and incubation for 30 min at room temperature with gentle rotation. The suspension (final volume, 3.78 ml) was heated at 70°C for 10 min, TSE2 was added to a final volume of 4.34 ml, and 5.4 g of CsCl was added and dissolved. A stock solution of CsCl containing 122.8 g of CsCl per 100 ml of water was added to a final volume of 12 ml. Centrifugation was at 39,000 rpm at 15°C for 48 h in a Beckman Ti5O rotor. Tubes were pierced at the bottom, and the gradients were collected in 10-drop fractions; 10-,ul portions of each fraction were spotted on 3MM (Whatman) paper strips, and the strips were washed, in batches, in two changes of 10% trichloroacetic acid and two changes of 95% ethanol, dried, cut, and counted in 5 ml of Permablend scintillation cocktail (Packard Instrument Co., Inc., Rockville, Md.). This procedure yielded a complex pattern: several (usually four) peaks of radioactivity with densities lighter than that of the main peak of chromosomal DNA. Portions of all peaks were examined by electron microscopy, and the peak fraction containing the highest concentration of plasmid replicative intermediates was analyzed further.
Analysis of replicative intermediates of R100.1 and pAR132. Modifications of the computer programs for registration and alignment of partially denatured molecules were made to include the position of replication forks and branches. Only circular molecules with replicated regions were photographed. Of those, molecules in which the position of forks was unequivocal, and in which replicated branch lengths were approximately equal (±5%), were taken for alignment. In each experiment, about 10% of the photographed molecules were rejected for not meeting these requirements. In 1 to 2% of those photographed, denaturation was insufficient for unambiguous alignment. After initial consideration of the data, molecules were aligned as described above.
RESULTS
Partial denaturation mapping of R100.1 and pAR132. Partially denatured molecules of purified plasmids R100.1 and pAR132 were prepared for electron microscopy under conditions of high pH (pH 10.7, 60% formamide) or high formamide concentration (pH 8.3 , 80% formamide). Figure 1 shows a comparison of the partial denaturation histograms of the two plasmids isolated from exponentially growing cells.
This pattern is identical to that found by Perlman et al. (27) for R100 in P. mirabilis. It can be seen that pAR132 contains a deletion of 20 kb, which covers a largely nondenatured (guanine-plus-cytosine-rich) region in R100.1. This region has been shown to correspond to the r-determinant portion of R100.1 by partial denaturation mapping of R100 containing multiple r-determinants (27) and by partial denaturation mapping and EcoRI analysis of isolated rdeterminants from R100.1 (5) . The r-determinant has a density of 1.718 g/ml (30) , which is high and thus explains its resistance to denaturation (high guanine-plus-cytosine content).
The partial denaturation maps of R100. 1 and pAR132 have been aligned in Fig. 1 with the EcoRI restriction fragment map (24, 37) as follows. (i) A comparison of pAR132 and R100.1 partial denaturation maps with the denaturation pattern of-an RTF containing a deletion in the tetracycline resistance region (46 to 55 kb) gave the position of the r-determinant relative to that region (A. Rifat and E. Boy de la Tour, unpublished data). This orientation agrees with that found by Rownd and co-workers (27) .
(ii) Denaturation mapping ofEcoRI fragment A and of a fusion fragment, A-D, from a spontaneously occurring tetracycline-susceptible mutant of R100 containing a deletion of an EcoRI site (data not shown) allowed superimposition of the denaturation map and the EcoRI map. (iii) Heteroduplex mapping (M. Chandler, B. Allet, E. Boy de la Tour, E. Gallay, and L. Caro, submitted for publication; 24) has shown that the end points of the deletion of the rdeterminant in pAR132 fall in, or close to, insertion sequence 1 (IS1) and that this IS1 occurs in EcoRI fragment A of pAR132, 1.34 ± 0.11 kb from the end ofthe fragment that is proximal to fragment B.
For the alignment of maps in Fig. 1 , it is assumed that the end points of the deletion in pAR132 occur within IS1; this is based on the probable formation of RTF by reciprocal recombination between the two IS1 sequences of R100 (5, 28, 37) .
In this paper, we considered pAR132 a derivative of R100.1 that contains a 20-kb deletion; the map distances, in kilobase units, of RTF are thus colinear with those of R100.1. Heteroduplex studies (data not shown) indicate that the 20-kb deletion is the only discernible difference between the two plasmids.
Synchronization procedure. DNA synthesis in E. coli strains that require an amino acid and thymine can be synchronized by sequential starvation for the required amino acid (completion of rounds of replication) and then for thymine (accumulation of the cell mass necessary VOL. 131, 1977 932 SILVER ET AL. for the initiation of chromosome replication in all cells ofthe population [18] ). After this treatment, in cells containing autonomous R100. 1 or pAR132, the plasmid replication is also synchronized, so that essentially all plasmids replicate within 5 min (at 37°C) after addition of thymine (3; this paper). In such a synchronized culture, a short pulse of [3Hlthymidine at restart should preferentially label the regions close to the replication origin of the plasmid. Electron microscope autoradiography was used to locate the incorporated tritium.
Electron microscope autoradiography of replication origins. Synchronized cultures of strains containing R100.1 and pAR132 were pulse-labeled with [3Hlthymidine immediately after thymine starvation. The pulses (20 or 35 a) were followed by a 30-min chase with 50 ,g each of unlabeled thymine and thymidine per ml. The chase allowed replicating plasmid molecules to complete replication and to attain a covalently closed, supercoiled circular form. Plasmids were then isolated, purified, partially denatured, spread for electron microscopy, and Figure 2 shows an RTF molecule from such a preparation. The denatured regions are clearly visible, and it can be seen that the photographic grains are localized in one region of the molecule.
Molecules such as those in Fig. 2 were aligned relative to the standard partial denaturation map, and the position of grains was recorded. A histogram of grain distribution was made for each experiment. Figure 3 gives the results of experiments with pAR132 given a 20-s (Fig. 3B) or a 35-s (Fig. 3C ) pulse of [3H]thymidine. Results of a 20-s pulse in an R100.1-containing strain are shown in Fig. 4 . The grain distribution in pAR132, with a 20-s pulse, exhibits a well-defined peak at 8 to 12 kb, which theoretically corresponds to a replication origin (Fig. 3B) . The distribution is skewed in a single direction, behavior which we interpret as indicating a predominantly unidirectional replication from this origin. The data of Fig. 3C indicate that a 35-s pulse labels a larger region of pAR132 than does the 20-s pulse and that this larger region extends in the same direction. The grain distribution shows two strong peaks in the 33-to 37-kb and 44-to 52-kb regions. At least part of this feature must be due to the fact that these regions have a high adenine-plusthymidine content, as shown by the denaturation map, and are, therefore, preferentially labeled by [3H]thymidine. Besides this systematic source of error, statistical variations in grain position, inherent in this type of analysis, affect the smoothness of the curve. The number of observations needed to obtain a smooth distribution is impractically high (unpublished data). Experiments in which pAR132 was restarted in cold thymine for 30 s and then given a 30-s pulse of [3Hlthymidine gave a random grain distribution, suggesting that the synchronization is not perfect and that initiation of replication may occur for a time after the readdition of thymine (data not shown). In the 20-s pulse of RIOO.1 (Fig. 4B) , the peak of grain distribution (in bin 3) and the general direction of replication correspond very well with those found in pAR132 (Fig. 3B) .
In summary, the data presented in Fig. 3 and 4 indicate that a replication origin is located in the 8-to 12-kb region ofthe map for both R100.1 and pAR132, probably within EcoRI restriction fragment B, and suggest that replication proceeds unidirectionally towards the r-determinant in R100.1 and in the same direction in pAR132.
Replicative intermediates of RTF and R100.1. We failed to observe replicative intermediates ofR100.1 or pAR132 in E. coli in EtBrCsCl gradients of cleared lysates. The procedure failed to yield such intermediates from cultures in which plasmid replication was known to be taking place (after synchronization by sequential amino acid and thymine starvations) or after growth of the cells in hydroxyurea, a treatment which, in P. mirabilis, leads By taking precautions to reduce shear, it was hoped that replicating chromosomal DNA could be separated from replicating plasmids by virtue of its higher proportion of light DNA. In Fig. 5 DNA appears at a variety of densities in the gradient. Electron microscopic analysis of the portion of the gradient (I) preceding the major peak (II) demonstrated some replicative intermediates. However, the peaks of radioactivity in the light-density region (III to VI) proved to contain large amounts of circular plasmid DNA as well as longer, presumably chromosomal, DNA. Peak VI contained a large amount of plasmid DNA, 80 to 90% of which were replicative forms.
Replicative intermediates, such as the one shown in Fig. 6 , were then analyzed by partial denaturation mapping. Fifty-seven of 65 molecules photographed were included in the analysis; the excluded molecules were either impossible to align by denaturation or were broken and untraceable.
After initial consideration of the data, molecules that appeared to have a replication fork in the same general position (molecules 1 to 50, Fig. 7A ) were aligned so that this fork had a unique map position. This alignment of 50 molecules was found to generate a histogram that was in excellent agreement with that prepared from covalently closed circular forms of exponentially grown pAR132, indicating the validity of the assumption of a unique fork position for these molecules. These 50 molecules of varying branch length, which were aligned with a fork at 8.8 kb, had replicated regions extending in a single direction. Several molecules (51 to 57), however, had different patterns and were aligned in the usual way, relative to the standard histogram.
In one molecule (no. 57) the replicated region extended from 8.8 kb in the opposite direction. Six molecules had replicated regions whose approximate center was 8.8 kb. The denaturation histogram of the partially denatured molecules aligned in Fig. 7A is shown in Fig. 7B . The lack of "background noise" indicates that the alignment is excellent (note the definition of the three peaks of 10 to 40 kb). It can be seen by 50 . Peak II has an average density of 1.71 g/ml. Samples I through VI were examined in an electron microscope; peak VI was found to contain replicative intermediates ofpAR132 (Fig. 6 ), which were then analyzed by partial denaturation mapping (Fig. 7) .
comparing Fig. 1B (exponentially grown, non-5BU-containing covalently closed circular forms of pAR132) and Fig. 7B that the partial denaturation patterns are qualitatively identical and that, therefore, the presence of 5-BU does not seem to influence the denaturation pattern.
These data can be most easily interpreted as indicating that, under the conditions used, synchronized replication is 85 to 90% unidirectional from a fixed origin at 8.8 kb on the R100 map, a location that we will call ORIL. In 10% of the molecules, replication appears to be symmetrically bidirectional from this origin, and, in one case, replication is unidirectional in the opposite direction. Other interpretations are possible, e.g., that 8.8 kb is a terminus, as suggested by Perlman and Rownd (26) . However, this would lead to complications in interpretation of the apparently bidirectional molecules.
In a comparable experiment, R100.1 replicative intermediates were isolated and analyzed in a similar manner, except that partial denaturation was in 80% formamide at pH 8.3 , and 50 of63 photographed molecules were analyzed.
The majority of the population (45 of 50 molecules) contained (Fig. 8A) It can be seen that denaturation in the 6-to 13-kb region (the left-fork region) is less extensive in this population of molecules than in the exponential covalently closed circular molecules denatured at pH 10.7 (Fig. 1A) . This may be due to the use of a different denaturing method for these molecules.
This experiment indicates that R100. 1, under synchronized conditions, replicates predominantly unidirectionally from ORIl and that it may also replicate bidirectionally from ORI1; a second origin may exist in the r-determinant portion of the molecule. DISCUSSION Two different techniques were used to study the mode of replication of R100.1 and its RTF tetracycline resistance derivative, pAR132: electron microscope autoradiography and partial denaturation mapping of pulse-labeled plasmids and partial denaturation mapping of replicative intermediates. In both cases the replication of the plasmids was synchronized. The results of these experiments are in good agreement with each other. The major conclusion is that, in both plasmids, most rounds of replication are initiated at a single origin, which we called ORI1, located near the site of insertion of the r-determinant at 8.8 kb on the R100.1 map. The replication is predominantly unidirectional such that the r-determinant (when present) is replicated early. By aligning the partial denaturation map and the EcoRI restriction fragments map of the plasmids, it can be shown that ORIl must occur on fragment B at 2.1 kb from the end of the fragment proximal to ISlb (Fig. 9) .
It was already known that the EcoRI fragment B of R100 is located in a portion of the genome essential for plasmid replication. Thus, Yoshikawa (40) had shown by P1 transduction analysis of integrated and autonomous R100 that a locus, repA, necessary for autonomous replication of R100 and for integrative suppression of dnaA mutants by R100 maps between the transfer genes (ca. 55 to 89 kb) and the drug resistance markers of the r-determinant (12.5 to 32.5 kb). Moreover, Timmis et al. (38) had found that a single EcoRI fragment of plasmid R6-5 (identical to EcoRI fragment B of R100, 88.2 to 10.9 kb) retains the replication functions as well as the incompatibility and copy number specificity of R6-5. This latter work also demonstrated that fragment B contains at least one putative origin of replication. We have shown in this paper that it does, in fact, contain the normal replication origin for the entire plasmid.
Recently, Perlman and Rownd (26) analyzed, by partial denaturation mapping, replicative intermediates of R100.1 extracted from P. mirabilis grown in presence of hydroxyurea or in limiting thymine concentrations. Rownd et al. (33) have also presented data on the labeling of EcoRI fragments of the plasmid after labeling under similar growth conditions. They concluded from their data that replication could be initiated at two possible origins, one located on the RTF and the other located on the r-determinant. The position assigned to the RTF origin was at 80 to 88 kb on the maps of Fig. 1A and 9 , i.e., onEcoRI fragment F. Replication from this point was either asymmetrically bidirectional or unidirectional in either direction. There seemed to be a termination point for this replication, near ISlb.
Our conclusions are clearly different from those of these authors; however, the reasons for this discrepancy are not clear. One obvious reason could be actual differences in the replication pattern due to the growth conditions used (synchronization by amino acid and thymine starvation, in one case; severe limitation on the rate of replication fork displacement due to hydroxyurea or a low thymine concentration, in the other) or in the host bacterium (E. coli versus P. mirabilis).
Another possible explanation might be different interpretations of the partial denaturation patterns of circular molecules. Mapping is based entirely on the fact that some DNA sequences have a higher probability of being denatured than other sequences, since for circular molecules there are no sharply defined refer- The same type of criticism can be directed towards the available evidence for an origin or replication within the r-determinant region of R100.1. In our data (Fig. 8) , only 2 of 50 molecules were found that appeared to replicate from an origin within the r-determinant. We do not feel that this is sufficient evidence for such an origin. Perlman and Rownd (26) had interpreted their partial denaturation data as showing an r-determinant origin for approximately half the population analyzed, again with three possible modes of replication. However, reanalysis of their data in light of the localization of the RTF origin at ORIl (8.8 kb) weakens their argument for an origin in the r-determinant moiety: very few unequivocally aligned molecules in their study have replicated regions wholly within the r-determinant, i.e., not including ORIL. We feel, therefore, that although there is some evidence for a possible rdeterminant origin of R100.1 replication, the existence of such an origin has not been established beyond reasonable doubt.
R.100 has been termed a cointegrate of two replicons (8, 30 ) that may exist and replicate autonomously, the r-determinant and the RTF. This terminology is largely based on findings that in P. mirabilis R100 undergoes a "transition" in the presence of various drugs, leading to accumulation of large numbers of copies of rdeterminant DNA in relation to the amount of RTF DNA (17, 30) ; this has been explained on the basis of differential replication of the rdeterminant, as an autonomous entity, and of the RTF in response to the various drugs. Although this is a reasonable explanation, the phenomenon could be alternatively explained by other models, such as, for example, active IS1-mediated recombination of the r-determinant into and out of the cointegrate, with the formation of R100. 1 plasmids containing multiple r-determinants. "Transition" would reflect the selection of such plasmids in the presence of the drugs. Work in our laboratory (15) has shown that r-determinant DNA is not capable of transforming non-R-containing E. coli cells nor E. coli containing an RTF (pAR132) or Rl. Such results might be due to a requirement, in E. coli, for integration ofthe r-determinant into a functional replicon for its (passive) replication. It is conceivable that E. coli and P. mirabilis are different in this regard; there is, however, no compelling evidence for the autonomous replication of the r-determinant.
Our data ( Fig. 7 and 8 ) do not show any evidence for a fixed terminus nor for a nonsymmetrical type of bidirectional initiation such as that which seems to prevail in the unrelated plasmid R6K (19) replication (under synchronization conditions, for example) in a single direction favored by constraints of secondary structure or interaction of initiation complexes with single base differences within the symmetrical center or with sequences outside the symmetrical region. In the present case, then, 10% of the time, the constraints might be lifted or specificity might be lowered, allowing bidirectional replication; very infrequently, constraints or recognition might be reversed, favoring replication in the opposite direction.
The observation that replicating plasmids are found at a lighter density in CsCl than expected from their base composition (Fig. 4) suggests an interaction of the plasmids with some cellular component, possibly membrane. If the association of DNA to a lighter cellular component is origin specific, it may be that our analysis of replicative intermediates from only one of the peaks in these gradients includes molecules replicating from only a single origin and excludes those replicating from different origins. If this were true, other areas of the gradient might contain molecules replicating in other modes (i.e., unidirectionally in the opposite direction or bidirectionally). We did not, however, find significant numbers of replicating molecules in other fractions of the gradient. Moreover, it should be recalled that a simple interpretation of the pattern of label incorporation found in the autoradiography experiments is that replication, under these conditions, is predominantly unidirectional from a single origin-region.
It is possible that this unidirectional replica. tion might be due to the conditions of the alignment procedure: e.g., the preliminary thymine starvation. At present, we are investigating the distribution of replicating plasmids in these gradients prepared from exponential, as well as synchronized, cultures.
The synchronization procedure employed in these experiments is dependent upon the completion of chromosomes during amino acid starvation. Although this procedure seems to be applicable to RTF and to molecules replicating from ORIl, it is possible that replication from an r-determinant origin might not be synchronized by this procedure and would appear in small numbers in the population analyzed. Punch and Kopecko (29) suggested that replication of the r-determinant in Proteus is very resistant to inhibition of protein synthesis; if this is true, one might find few operative rdeterminant origins under the conditions described here. FIG. 8 . Partial denaturation mapping ofreplicative intermediates ofR100.1. (A) Replicative intermediates ofR100.1 isolated and analyzed in a manner similar to that for pAR132 (Fig. 7A) . Replicative intermediates ofR100.1 were taken from a gradient peak equivalent to peak III in Fig. 5. (B 
